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(57) Under the condition of a large variation ATm in 
motor torque demand Tm*, the significant torque 
change may lead to some vibration of a vehicle to tem- 
porarily heighten an angular acceleration a. The tempo- 
rary rise of the angular acceleration a may cause the 
angular acceleration a to exceed a preset threshold val- 
ue oslip and result in misdetection of the occurrence of 
a 'phantom' skid in an angular acceleration a- based 
skid state determination (step S112). The drive control 
of the invention accordingly specifies a potential for mis- 
detection of the occurrence of a 'phantom' skid when the 
variation ATm in motor torque demand Tm* exceeds a 
preset threshold value Tthr at step S1 08. The drive con- 
trol thereby does not execute skid occurring state con- 
trol (step S120) with torque restriction but performs grip 
state control at step S11 6. 
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Description 

Technical Field 

[0001] The present invention relates to a vehicle skid 
control device, an automobile with the device, and a cor- 
responding method. Specifically, the invention relates to 
a vehicle skid control device, an automobile with the ve- 
hicle skid control device mounted thereon, and a vehicle 
skid control method. 

Background Art 

[0002] One proposed vehicle skid control device re- 
stricts the torque level output from a motor to drive 
wheels on the occasion of the occurrence of a skid of 
the drive wheels caused by the torque output from the 
motor (see, for example, Japanese Patent Laid-Open 
Gazette No. 10-304514). This proposed device detects 
the occurrence of a skid according to an increase in an- 
gular acceleration of the drive wheels over a preset 
threshold value and lowers the torque level output from 
the motor in response to detection of the occurrence of 
a skid, so as to reduce the skid. The angular accelera- 
tion of the drive wheels may, however, exceed the preset 
threshold value, due to another cause, for example, 
some vibration of the vehicle at a start of an engine or 
due to a significant torque change. This may result in 
misdetection of a 'phantom 1 skid, which actually does 
not exist. 

[0003] There is another proposed technique that sets 
a significantly large value to the threshold value repre- 
senting the occurrence of a skid of the drive wheels un- 
der the condition of an abrupt increase in accelerator 
opening or a significant time variation of the accelerator 
opening and thereby eliminates effectiveness of the skid 
control (see, for example, Japanese Patent Laid-Open 
Gazette No. 3-156135). This proposed technique, how- 
ever, aims to keep the sufficient response of the vehicle 
body in the event of an abrupt increase in accelerator 
opening and does not give any consideration to unnec- 
essary restriction of the driving torque in response to 
misdetection of a 'phantom' skid. 
[0004] In order to eliminate the drawbacks of the prior 
art discussed above, the object of the invention is to pro- 
vide a vehicle skid control device and a corresponding 
vehicle skid control method that prevent unnecessary 
restriction of driving torque in response to misdetection 
of a 'phantom' skid, which actually does not exist, in an- 
gular acceleration-based skid state determination. 

Disclosure of the Invention 

[0005] In order to attain at least part of the above and 
the other related objects, the invention provides vehicle 
skid control devices and corresponding vehicle skid 
control methods having configurations discussed below. 
[0006] One application of the invention is a vehicle 



skid control device of controlling a power system that 
outputs power to a drive shaft linked to drive wheels of 
a vehicle. The vehicle skid control device of this appli- 
cation includes: an angular acceleration measurement 

s module that measures an angular acceleration of the 
drive shaft; a skid detection module that detects occur- 
rence of a skid of the drive wheels according to a vari- 
ation in angular acceleration measured by the angular 
acceleration measurement module; a torque restriction 

10 module that, in response to detection of the occurrence 
of a skid by the skid detection module, restricts a driving 
torque of the drive wheels to reduce the skid; a state 
determination module that determines whether a cur- 
rent vehicle driving state causes a variation in angular 

'5 acceleration with no occurrence of a skid; and a torque 
restriction prohibition module that prohibits the torque 
restriction module from restricting the driving torque of 
the drive wheels, when the state determination module 
determines that the current vehicle driving state causes 

20 the variation in angular acceleration with no occurrence 
of a skid. 

[0007] In response to detection of the occurrence of 
a skid of the drive wheels according to a variation in an- 
gular acceleration of the drive shaft linked to the drive 
25 wheels, the vehicle skid control device of the invention 
having the above configuration restricts the driving 
torque of the drive wheels to reduce the skid. In the ve- 
hicle driving state that causes a variation in angular ac- 
celeration with no occurrence of a skid, however, a 
30 'phantom' skid of the drive wheels, which actually does 
not exist, may be detected mistakenly according to the 
variation in angular acceleration, which is actually trig- 
gered by another cause. In this state, the restriction of 
the driving torque of the drive wheels is accordingly pro- 
35 hibited. This arrangement effectively prevents unneces- 
sary restriction of the driving torque in response to mis- 
detection of a •phantom' skid in angular acceleration- 
based skid state determination. 
[0008] Here the terminology 'power system' is not re- 
40 strictive but may represent any device that is capable of 
outputting power to the drive shaft. The power system 
may be, for example, a motor, an engine, or both a motor 
and an engine. In a vehicle equipped with multiple 'pow- 
er systems', the vehicle skid control device of the inven- 
ts tion may be designed to control at least one of the mul- 
tiple power systems. For example, in a vehicle equipped 
with both a motor and an engine as power systems, the 
vehicle skid control device of the invention may be de- 
signed to control at least the motor. Examples of the 
so vehicle driving state that causes a variation in angular 
acceleration with no occurrence of a skid' include a state 
having a significant torque change and a starting time 
of an engine. 

[0009] Another application of the invention is a vehicle 
55 skid control device of controlling a power system that 
outputs power to a drive shaft linked to drive wheels of 
a vehicle. The vehicle skid control device of this appli- 
cation includes: an angular acceleration measurement 
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module that measures an angular acceleration of the 
drive shaft; a skid detection module that detects occur- 
rence of a skid of the drive wheels according to a vari- 
ation in measured angular acceleration ; a torque restric- 
tion module that, in response to detection of the occur- 
rence of a skid by the skid detection module, restricts a 
driving torque of the drive wheels to reduce the skid; a 
torque variation detection module that determines 
whether a variation in torque command value of the 
drive wheels caused by a driver* s accelerator operation 
is within a preset range; and a torque restriction prohi- 
bition module that prohibits the torque restriction module 
from restricting the driving torque of the drive wheels, 
when the torque variation detection module determines 
that the variation in torque command value is out of the 
preset range. 

[0010] In response to detection of the occurrence of 
a skid of the drive wheels according to a variation in an- 
gular acceleration of the drive shaft linked to the drive 
wheels, the vehicle skid control device of the invention 
having the above configuration restricts the driving 
torque of the drive wheels to reduce the skid. When the 
variation in torque command value of the drive wheels 
caused by the driver's accelerator operation is out of the 
preset range (for example, greater than a preset level), 
such a large torque change may cause some vibration 
of the vehicle and significantly vary the angular acceler- 
ation. In this state, a 'phantom 1 skid of the drive wheels 
may be detected mistakenly according to the variation 
in angular acceleration, which is actually triggered by 
the torque change-induced vibration of the vehicle. The 
restriction of the driving torque of the drive wheels is ac- 
cordingly prohibited. This arrangement effectively pre- 
vents unnecessary restriction of the driving torque in re- 
sponse to misdetection of a 'phantom' skid in angular 
acceleration-based skid state determination. 
[001 1 J Sill another application of the invention is a ve- 
hicle skid control device of controlling at least one of an 
engine and a motor of a power system that outputs pow- 
er to a drive shaft linked to drive wheels of a vehicle. 
The vehicle skid control device of this application in- 
cludes: an angular acceleration measurement module 
that measures an angular acceleration of the drive shaft; 
a skid detection module that detects occurrence of a 
skid of the drive wheels accordi ng to a variation in meas- 
ured angular acceleration; a torque restriction module 
that, in response to detection of the occurrence of a skid 
by the skid detection module, restricts a driving torque 
of the drive wheels to reduce the skid; an engine vibra- 
tion detection module that detects a vibration at a start 
of the engine; and atorque restriction prohibition module 
that prohibits the torque restriction module from restrict- 
ing the driving torque of the drive wheels, in response 
to detection of the vibration at the start of the engine by 
the engine vibration detection module. 
[0012] in response to detection of the occurrence of 
a skid of the drive wheels according to a variation in an- 
gular acceleration of the drive shaft linked to the drive 



wheels, the vehicle skid control device of the invention 
having the above configuration restricts the driving 
torque of the drive wheels to reduce the skid. Some vi- 
bration of the vehicle at the start of the engine may sig- 
s nrficantty vary the angular acceleration. In this state, a 
'phantom' skid of the drive wheels may be detected mis- 
takenly according to the variation in angular accelera- 
tion, which is actually triggered by the vibration of the 
vehicle at the start of the engine. The restriction of the 

10 driving torque of the drive wheels is accordingly prohib- 
ited. This arrangement effectively prevents unneces- 
sary restriction of the driving torque in response to mis- 
detection of a "phantom' skid in angular acceleration- 
based skid state determination. 

is [0013] Another application of the invention is a vehicle 
skid control device of controlling a power system that 
outputs power to a drive shaft linked to drive wheels of 
a vehicle. The vehicle skid control device of this appli- 
cation includes: an angular acceleration measurement 

20 module that measures an angular acceleration of the 
drive shaft; a skid detection module that detects occur- 
rence of a skid of the drive wheels when the measured 
angular acceleration increases over a preset threshold 
value; a torque restriction module that, in response to 

25 detection of the occurrence of a skid by the skid detec- 
tion module, restricts a driving torque of the drive wheels 
to reduce the skid; a time variation attribution module 
that determines whether a time variation in angular ac- 
celeration, which is measured by the angular accelera- 

30 tion measurement module, after the increase over the 
preset threshold value is attributable to mechanical res- 
onance; and a torque restriction prohibition module that 
prohibits the torque restriction module from restricting 
the driving torque of the drive wheels, when the time var- 

35 jation attribution module determines that the time varia- 
tion in angular acceleration after the increase over the 
preset threshold value is attributable to the mechanical 
resonance. 

[0014] In response to detection of the occurrence of 

*o a skid of the drive wheels corresponding to an increase 
in angular acceleration of the drive shaft linked to the 
drive wheels over the preset threshold value, the vehicle 
skid control device of the invention having the above 
configuration restricts the driving torque of the drive 

45 wheels to reduce the skid. The time variation in angular 
acceleration after the increase over the preset threshold 
value may, however, be ascribed to the mechanical res- 
onance. In this state, a 'phantom' skid of the drive 
wheels may be detected mistakenly according to the 

so variation in angular acceleration, which is actually trig- 
gered by the mechanical resonance. The restriction of 
the driving torque of the drive wheels is accordingly pro- 
hibited. This arrangement effectively prevents unneces- 
sary restriction of the driving torque in response to mis- 

55 detection of a 'phantom' skid in angular acceleration- 
based skid state determination. 
[001 5] It is preferable that the time variation attribution 
module determines whether a time width between the 
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increase in angular acceleration crossing over the pre- 
set threshold value and a start of a decreasing tendency 
of the angular acceleration is attributable to the mechan- 
ical resonance. Prohibition of the torque restriction is ef- 
fected only after completion of the determination wheth- 
er the time variation in angular acceleration after the in- 
crease over the preset threshold value is attributable to 
the mechanical resonance. The attribution to the me- 
chanical resonance based on the time width between 
the increase in angular acceleration over the preset 
threshold value and the start of the decreasing tendency 
of the angular acceleration desirably ensures prompt 
determination. 

[001 6] In one preferable embodiment of any of the ve- 
hicle skid control devices of the invention described 
above, the skid detection module detects the occur- 
rence of a skid when the angular acceleration measured 
by the angular acceleration measurement module in- 
creases over a preset threshold value. This arrange- 
ment ensures easy and accurate detection of the occur- 
rence of a skid. It is also preferable that the torque re- 
striction prohibition module does not prohibit the torque 
restriction module from restricting the driving torque of 
the drive wheels, when the angular acceleration meas- 
ured by the angular acceleration measurement module 
exceeds a non-skid upper limit, which is set to be sig- 
nificantly larger than the preset threshold value. This ar- 
rangement prevents restriction of the driving torque of 
the drive wheels from being wrongly prohibited in the 
occurrence of a skid. The non-skid upper limit is set to, 
for example, a value that is found only in the event of a 
skid. 

[001 7] In another preferable embodiment of any of the 
vehicle skid control device of the invention described 
above, the torque restriction prohibition module sus- 
pends the function of the torque restriction module or 
sets an unexpectedly large value to the threshold value 
adopted in the skid detection module, so as to eliminate 
effectiveness of the torque restriction module and ac- 
cordingly interfere with the restriction of the driving 
torque of the drive wheels by the torque restriction mod- 
ule. The restriction of the driving torque of the drive 
wheels is prohibited by either way. 
[0018] In still another preferable embodiment of any 
one of the vehicle skid control device of the invention 
described above, the torque restriction prohibition mod- 
ule prohibits the torque restriction module from restrict- 
ing the driving torque of the drive wheels for a predeter- 
mined restriction prohibition time. This arrangement ef- 
fectively controls a skid which occurs after the predeter- 
mined prohibition time has expired. 
[0019] Another application of the invention is an au- 
tomobile with any of the vehicle skid control device of 
the invention discussed above mounted thereon. The 
automobile with the vehicle control device of the inven- 
tion achieves the equivalent effects to those of the ve- 
hicle control device. For example, the automobile of the 
invention effectively prevents unnecessary restriction of 



the driving torque in response to misdetection of a 
'phantom* skid in angular acceleration-based skid state 
determination. 

[0020] Another application of the invention is a vehicle 

s skid control method of controlling a power system that 
outputs power to a drive shaft linked to drive wheels of 
a vehicle. Trie vehicle skid control method including the 
steps of: (a) measuring an angular acceleration of the 
drive shaft; (b) detecting occurrence of a skid of the drive 

*o wheels according to a variation in measured angular ac- 
celeration; (c) in response to detection of the occurrence 
of a skid by the step (b), restricting a driving torque of 
the drive wheels to reduce the skid; (d) determining 
whether a current vehicle driving state causes a varia- 

*5 tion in angular acceleration with no occurrence of a skid; 
and (e) prohibiting restriction of the driving torque of the 
drive wheels by the step (c), when the step (d) deter- 
mines that the current vehicle driving state causes the 
variation in angular acceleration with no occurrence of 

20 a skid. 

[0021] In response to detection of the occurrence of 
a skid of the drive wheels according to a variation in an- 
gular acceleration of the drive shaft linked to the drive 
wheels, the vehicle skid control method of the invention 

25 having the above configuration restricts the driving 
torque of the drive wheels to reduce the skid. In the ve- 
hicle driving state that causes a variation in angular ac- 
celeration with no occurrence of a skid, however, a 
'phantom 1 skid of the drive wheels, which actually does 

30 not exist, may be detected mistakenly according to the 
variation in angular acceleration, which is actually trig- 
gered by another cause. In this state, the restriction of 
the driving torque of the drive wheels is accordingly pro- 
hibited. This arrangement effectively prevents unneces- 

35 sary restriction of the driving torque in response to mis- 
detection of a 'phantom 1 skid in angular acceleration- 
based skid state determination. 
[0022] Another application of the invention is a vehicle 
skid control method of controlling a power system that 

40 outputs power to a drive shaft linked to drive wheels of 
a vehicle. The vehicle skid control method including the 
steps of: (a) measuring an angular acceleration of the 
drive shaft; (b) detecting occurrence of a skid of the drive 
wheels according to a variation in measured angular ac- 

45 celeration; (c) in response to detection of the occurrence 
of a skid by the step (b), restricting a driving torque of 
the drive wheels to reduce the skid; (d) determining 
whether a variation in torque command value of the 
drive wheels caused by a driver's accelerator operation 

so is within a preset range; and (e) prohibiting restriction of 
the driving torque of the drive wheels by the step(c), 
when the step(d) determines that the variation in torque 
command value is out of the preset range. 
[0023] When the variation in torque command value 

55 of the drive wheels caused by the driver's accelerator 
operation is out of the preset range (for example, greater 
than a preset level), such a large torque change may 
cause some vibration of the vehicle and significantly 
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vary the angular acceleration. In this state, the vehicle 
skid control method of the invention having the above 
configuration prohibits the restriction of the driving 
torque of the drive wheels, while a 'phantom 1 skid of the 
drive wheels may be detected mistakenly according to 
the variation in angular acceleration, which is actually 
triggered by the torque change-induced vibration of the 
vehicle. This arrangement effectively prevents unnec- 
essary restriction of the driving torque in response to 
misdetection of a 'phantom 1 skid in angular acceleration- 
based skid state determination. 
[0024] Still another application of the invention is a ve- 
hicle skid control method of controlling at least one of 
an engine and a motor of a power system that outputs 
power to a drive shaft linked to drive wheels of a vehicle. 
The vehicle skid control method including the steps of: 

(a) measuring an angular acceleration of the drive shaft; 

(b) detecting occurrence of a skid of the drive wheels 
according to a variation in measured angular accelera- 
tion; (c) in response to detection of the occurrence of a 
skid by the step(b), restricting a driving torque of the 
drive wheels to reduce the skid; (d) detecting a vibration 
at a start of the engine; and (e) prohibiting restriction of 
the driving torque of the drive wheels by the step (c), in 
response to detection of the vibration at the start of the 
engine by the step(d). 

[0025] Some vibration of the vehicle at the start of the 
engine may significantly vary the angular acceleration. 
In this state, the vehicle skid control method of the in- 
vention having the above configuration prohibits the re- 
striction of the driving torque of the drive wheels, while 
a 'phantom* skid of the drive wheels may be detected 
mistakenly according to the variation in angular accel- 
eration, which is actually triggered by the vibration of the 
vehicle at the start of the engine. The restriction of the 
driving torque of the drive wheels is accordingly prohib- 
ited. This arrangement effectively prevents unneces- 
sary restriction of the driving torque in response to mis- 
detection of a 'phantom' skid in angular acceleration- 
based skid state determination. 
[0026] Still another application of the invention is a ve- 
hicle skid control method of controlling a power system 
that outputs power to a drive shaft linked to drive wheels 
of a vehicle. The vehicle skid control method including 
the steps of: (a) measuring an angular acceleration of 
the drive shaft; (b) detecting occurrence of a skid of the 
drive wheels when the measured angular acceleration 
increases over a preset threshold value; (c) in response 
to detection of the occurrence of a skid by thestep(b), 
restricting a driving torque of the drive wheels to reduce 
the skid; (d) determining whether a time variation in the 
measured angular acceleration after the increase over 
the preset threshold value is attributable to mechanical 
resonance; and (e) prohibiting restriction of the driving 
torque of the drive wheels by the step(c), when the step 
(d) determines that the time variation in angular accel- 
eration after the increase over the preset threshold val- 
ue is attributable to the mechanical resonance. 



[0027] The vehicle skid control method having the 
above configuration prohibits the restriction of the driv- 
ing torque of the drive wheels, while the time variation 
in angular acceleration after the increase over the preset 

5 threshold value is determined to be ascribed to the me- 
chanical resonance, even when a 'phantom' skid of the 
drive wheels may be detected mistakenly according to 
the variation in angular acceleration, which is actually 
triggered by the mechanical resonance. This arrange- 

to ment effectively prevents unnecessary restriction of the 
driving torque in response to m isdetection of a 'phantom' 
skid in angular acceleration-based skid state determi- 
nation. 

15 Brief Description of the Drawings 
[0028] 
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Fig. 1 schematically illustrates the configuration an 
electric vehicle; Fig. 2 is a flowchart showing a mo- 
tor drive control program executed in the electric ve- 
hicle; Rg. 3 shows a map of setting a motor torque 
demand to an accelerator opening and a vehicle 
speed; Rg. 4 is a flowchart showing a grip state con- 
trol routine; Rg. 5 is a flowchart showing a skid oc- 
curring state control routine; Rg. 6 shows a map of 
setting a maximum torque to angular acceleration 
of a motor; Rg. 7 shows a time variations of the ac- 
celerator opening, an output torque, the angular ac- 
celeration, and respective flags; Fig. 8 shows a 
process of setting the maximum torque correspond- 
ing to the time variation of the angular acceleration; 
Fig. 9 schematically illustrates the configuration a 
hybrid vehicle; Rg. 1 0 is a flowchart showing a drive 
control program executed in the hybrid vehicle; Fig. 
1 1 is a flowchart showing a skid occurring state con- 
trol routine; and Rg. 12 shows a time variations of 
angular acceleration and time variations of respec- 
tive flags. 

[First Embodiment] 



[0029] Rg. 1 schematically illustrates the configura- 
tion an electric vehicle 10 equipped with an electronic 

45 control unit 40 that functions as a skid control device in 
one embodiment of the invention. As illustrated, in the 
electric vehicle 1 0, a motor 1 2 is driven with electric pow- 
er supplied from a battery 16 via an inverter circuit 14 
and outputs power to a drive shaft linked to drive wheels 

so 1 8a, 1 8b. The electric vehicle 1 0 includes a rotation an- 
gle sensor 22 that measures a rotation angle 0 of a ro- 
tating shaft of the motor 12, a vehicle speed sensor 24 
that measures a driving speed of the electric vehicle 1 0 
as a vehicle speed V, diversity of sensors that detect the 

55 driver's various operations (for example, a gearshift po- 
sition sensor 32 that detects the driver* setting position 
of a gearshift lever 31 , an accelerator pedal position 
sensor 34 that detects the driver's step-on amount of an 
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accelerator pedaJ 33 (an accelerator opening Acc), and 
a brake pedal position sensor 36 that detects the driver's 
step-on amount of a brake pedal 35 (a brake opening)), 
and the electronic control unit 40 that controls the re- 
spective constituents of the system. The electric vehicle 
10 also has driven wheels 19a and 19b. 
[0030] The motor 12 is, for example, a known syn- 
chronous motor generatorthat functions as both a motor 
and a generator. The inverter circuit 14 includes multiple 
switching elements that convert a supply of electric pow- 
er from the battery 1 6 into another form of electric power 
suitable for actuation of the motor 12. The structures of 
the motor 12 and the inverter circuit 14 are well known 
in the art and are not the key part of this invention, thus 
not being described here in detail. 
[0031 ] The electronic control unit 40 is constructed as 
a microprocessor including a CPU 42, a ROM 44 that 
stores processing programs, a RAM 46 that temporarily 
stores data, and input and output ports (not shown). The 
electronic control unit 40 receives, via the input port, the 
rotation angle 6 of the rotating shaft of the motor 12 
measured by the rotation angle sensor 22, the vehicle 
speed V measured by the vehicle speed sensor 24, the 
gearshift position detected by the gearshift position sen- 
sor 32, the accelerator opening Acc detected by the ac- 
celerator pedal position sensor 34, and the brake open- 
ing detected by the brake pedal position sensor 36. The 
electronic control unit 40 outputs control signals, for ex- 
ample, switching control signals to the switching ele- 
ments of the inverter circuit 14 to drive and control the 
motor 12, via the output port 

[0032] The description regards the operations of the 
electric vehicle 1 0 constructed as discussed above, es- 
pecially a series of operations of driving and controlling 
the motor 12 in the event of occurrence of a skid of the 
drive wheels 1 8a and 1 8b. Fig. 2 is a flowchart showing 
a motor drive control program executed by the electronic 
control unit 40 in the first embodiment. This control pro- 
gram is read from the ROM 44 and is executed repeat- 
edly at preset time intervals (for example, at every 8 
msec). 

[0033] When the motor drive control program starts, 
the CPU 42 of the electronic control unit 40 first inputs 
the accelerator opening Acc from the accelerator pedal 
position sensor 34, the vehicle speed V from the vehicle 
speed sensor 24, and the rotation angle 6 from the ro- 
tation angle sensor 22 (step S100) . The CPU 42 then 
sets a torque command value of the drive wheels 1 8a 
and 18b or a torque demand Tm* of the motor 12 ac- 
cording to the input accelerator opening Acc and the in- 
put vehicle speed V (step S102). A concrete procedure 
of setting the motor torque demand Tm* in this embod- 
iment stores in advance variations in motor torque de- 
mand Tm* against the accelerator opening Acc and the 
vehicle speed V as a map in the ROM 44 and reads the 
motor torque demand Tm* corresponding to the given 
accelerator opening Acc and the given vehicle speed V 
from the map. One example of this map is shown in Fig. 



3. 

[0034] The CPU 42 subsequently determines wheth- 
er a torque restriction prohibition flag F0 is set equal to 
1 (step S1 04) . The torque restriction prohibition flag F0 
s is set to 1 to prohibit torque restriction, while being reset 
to 0 to allow torque restriction. The torque restriction is 
carried out according to skid occurring state control ex- 
ecuted at step S120 or according to skid convergence 
state control executed at step S124 as discussed later. 
When it is determined at step S1 04 that the torque re- 
striction prohibition flag FO is equal to 0, the CPU 42 
calculates a variation ATm in motortorque demand Tm* 
(step S1 06). The calculation of the variation ATm in mo- 
tor torque demand Tm* in this embodiment subtracts a 
previous motor torque demand Tm* set in a previous 
cycle of this program from a current motor torque de- 
mand Tm* set in the current cycle of this program (cur- 
rent motor torque demand Tm* - previous motor torque 
demand Tm*). This program is repeatedly executed at 
every 8 msec, so that the variation ATm in motor torque 
demand Tm* represents a rate of change at every 8 
msec. The calculated variation ATm in motortorque de- 
mand Tm* is compared with a preset threshold value 
Tthr (step S108). When the calculated variation ATm is 
not greaterthan the preset threshold value Tthr, the pro- 
gram goes to step S110. When the calculated variation 
ATm is greaterthan the preset threshold value Tthr, on 
the other hand, the CPU 42 sets the torque restriction 
prohibition flag F0 to 1 (step S126), executes grip state 
control (step S116) as discussed later, and terminates 
this motor drive control program. When it is determined 
at step S104 that the torque restriction prohibition flag 
F0 is equal to 1 , the CPU 42 also executes the grip state 
control (step S116) as discussed later and terminates 
this motor drive control program. 
[0035] The threshold value Tthr is set corresponding 
to an empirical value of the variation ATm in motor 
torque demand Tm*, which is caused by the driver's in- 
creased depression of the accelerator pedal. Under the 
condition of a large variation ATm in motor torque de- 
mand Tm*, for example, on the occasion of the driver's 
increased depression of the accelerator pedal, the sig- 
nificant torque change may lead to some vibration of the 
vehicle 1 0 to temporarily heighten an angular accelera- 
tion a. The temporary rise of the angular acceleration a 
may cause the angular acceleration a to exceed a pre- 
set threshold value aslip and result in misdetection of 
the occurrence of a 'phantom 1 skid, which actually does 
not exist, in an angular acceleration a- based skid state 
determination (step S112). The motor drive control pro- 
gram of this embodiment accordingly compares the cal- 
culated variation ATm in motortorque demand Tm* with 
the preset threshold value Tthr at step S1 08 and spec- 
ifies a potential for misdetection of the occurrence of a 
•phantom' skid under the condition of the variation ATm 
over the preset threshold value Tthr. The motor drive 
control program thereby skips the processing of step 
S112 and relevant steps to eliminate the potential for 
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execution of the torque restriction according to the skid 
occurring state control (step S120) or according to the 
skid convergence state control (step S124), and imme- 
diately goes to step S11 6 to execute the grip state con- 
trol. 

[0036] When the calculated variation AT in motor 
torque demand Tm* is not greater than the preset 
threshold valueTthr at step S1 08, the CPU 42 computes 
a motor rotation speed Nm from the rotation angle G in- 
put at step S1 00 and calculates the angular acceleration 
a from the computed motor rotation speed Nm (step 
S110). The calculation of the angular acceleration a in 
this embodiment subtracts a previous rotation speed 
Nm computed in the previous cycle of this program from 
a current rotation speed Nm computed in the current cy- 
cle of this program (current rotation speed Nm - previous 
rotation speed Nm). The unit of the angular acceleration 
a is [rpm / 8 msec] since the execution interval of this 
program is 8 msec in this embodiment, where the rota- 
tion speed Nm is expressed by the number of rotations 
per minute [rpm]. Any other suitable unit may be adopt- 
ed for the angular acceleration a as long as the angular 
acceleration a is expressible as a time rate of change 
of rotation speed. In order to minimize a potential error, 
the angular acceleration a may be an average of angular 
accelerations calculated in a preset number of cycles of 
this program (for example, 3). 

[0037] The CPU 42 determines a skid state of the 
drive wheels 18a and 18b based on the calculated an- 
gular acceleration a (step S1 1 2). The calculated angular 
acceleration a is compared with the preset threshold 
value aslip, which suggests the occurrence of a skid due 
to wheelspin. When the calculated angular acceleration 
a exceeds the preset threshold value aslip, the CPU 42 
determines the occurrence of a skid of the wheels 1 8a 
and 18b, sets the value T to a skid occurrence flag F1 
representing the occurrence of a skid (step S118), and 
executes the skid occurring state control (step St 20) as 
discussed later, before terminating this motor drive con- 
trol program. 

[0038] When the calculated angular acceleration a 
does not exceed the preset threshold value aslip at step 
S112, the CPU 42 detects the value of the skid occur* 
rence flag F1 (step S114). When the skid occurrence 
flag F1 is equal to 1 at step S114, the CPU 42 subse- 
quently determines whether the calculated angular ac- 
celeration a has been kept negative for a preset time 
period, that is, whether skid convergence conditions are 
fulfilled (step S122). In the case of successful fulfillment 
of the skid convergence conditions at step S122, the 
CPU 42 determines convergence of the skid occurring 
on the drive wheels 18a and 1 8b and executes the skid 
convergence state control (step S124) as discussed be- 
low, before terminating this motor drive control program. 
In the case of failed fulfillment of the skid convergence 
conditions at step S122, on the contrary, the CPU 42 
determines no convergence of the skid and executes 
the skid occurring state control (step S120) as dis- 



cussed below, before terminating this motor drive con- 
trol program. When the skid occurrence flag F1 is not 
equal to 1 at step S114, the CPU 42 determines grip of 
the drive wheels 18a and 18b on the road surface and 
5 executes the grip state control (step S1 1 6) as discussed 
below, before terminating this motor drive control pro- 
gram. 

[0039] The grip state control executed at step S116, 
the skid occurring state control executed at step S120, 

10 and the skid convergence state control executed at step 
S124 are described below in this sequence. 
[0040] The grip state control is executed as drive con- 
trol of the motor 12 in the ordinary state and on prohibi- 
tion of torque restriction and follows a grip state control 

*5 routine shown in the flowchart of Fig. 4. In the grip state 
control routine, the CPU 42 of the electronic control unit 
40 first drives and controls the motor 12 to output a 
torque corresponding to the given motor torque demand 
Tm* (stepS130), and determines whether the torque re- 

20 striction prohibition flag F0 is set to 1 (step S132). The 
grip state control routine is immediately terminated in 
the case of the torque restriction prohibition flag F0 
equal to 0, that is, in allowance of torque restriction. In 
the case of the torque restriction prohibition flag F0 

25 equal to 1 , that is, on prohibition of torque restriction, on 
the other hand, the CPU 42 determines whether a pre- 
determined restriction prohibition time has elapsed 
since the setting of the value *1 1 to the torque restriction 
prohibition flag F0 (step S134). This grip state control 

30 routine is terminated here when the predetermined re- 
striction prohibition time has not yet elapsed. When the 
predetermined restriction prohibition time has already 
elapsed, on the contrary, the CPU 42 resets the torque 
restriction prohibition flag FO to 0 (step S136), before 

35 exitingfrom this grip state control routine. The restriction 
prohibition time is specified as a time width of prohibiting 
torque restriction. The driver's increased depression of 
the accelerator pedal may cause the variation ATm in 
motor torque demand Tm* to exceed the preset thresh- 
old value Tthr. Such a torque change may lead to some 
vibration of the vehicle 1 0 to temporarily heighten the 
angular acceleration a. The restriction prohibition time 
is set corresponding to an empirical value of conver- 
gence time between a start and an end of the rise of the 

45 angular acceleration a. The grip state control routine 
drives and controls the motor 1 2 to output a torque cor- 
responding to the motor torque demand Tm* under the 
condition of the grip of the drive wheels 1 8a and 1 8b on 
the road surface or on prohibition of torque restriction. 

so [0041 ] The skid occurring state control is executed as 
drive control of the motor 1 2 to lower the angular accel- 
eration a, which was increased by the occurrence of a 
skid, and follows a skid occurring state control routine 
shown in the flowchart of Fig. 5. In the skid occurring 

55 statecontrol routine, the CPU 42 of the electronic control 
unit 40 first compares the angular acceleration a with a 
preset peak value apeak (step S1 50). When the angular 
acceleration a exceeds the preset peak value apeak, 
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the peak value apeak is updated to the current value of 
the angular acceleration a (step S152). The peak value 
apeak represents a peak of the angular acceleration a 
increasing due to a skid and is initially set equal to 0. 
Until the angular acceleration a increases to reach its 
maximum, the peak value apeak is successively updat- 
ed to the current value of the angular acceleration a. 
When the increasing angular acceleration a reaches its 
maximum, the maximum value of the increasing angular 
acceleration a is fixed to the peak value apeak. After 
setting the peak value apeak, the CPU 42 sets a maxi- 
mum torque Tmax as an upper limit of torque output 
from the motor 12 corresponding to the peak value 
apeak (step S154) . The procedure of this embodiment 
refers to a map shown in Fig. 6 to set the maximum 
torque Tmax. Fig. 6 shows a variation in maximum 
torque Tmax against the angular acceleration a. Namely 
the maximum torque Tmax is given as a function g(a) 
of the angular acceleration a. As illustrated in this map, 
the maximum torque Tmax decreases with an increase 
in angular acceleration a. The greater peak value apeak 
with an increase in angular acceleration a, that is, the 
heavier skid, sets the smaller value to the maximum 
torque Tmax and limits the output torque of the motor 
12 to the smaller maximum torque Tmax. 
[0042] After setting the maximum torque Tmax, the 
motor torque demand Tm* is compared with the maxi- 
mum torque Tmax (step S1 56). When the motor torque 
demand Tm* exceeds the maximum torque Tmax, the 
motor torque demand Tm* is limited to the maximum 
torque Tmax (step S 1 58). The CPU 42 then sets the mo- 
tor torque demand Tm* to a target torque and drives and 
controls the motor 12 to output a torque corresponding 
to the target torque Tm* (step S1 60), before exiting from 
this skid occurring state control routine. The torque out- 
put from the motor 12 in the occurrence of a skid is lim- 
ited to a lower level (that is, the maximum torque Tmax 
corresponding to the peak value apeak of the angular 
acceleration in the map of Fig. 6) for immediate reduc- 
tion of the skid. This limitation effectively reduces the 
skid. 

[0043] The skid convergence state control is execut- 
ed as drive control of the motor 1 2 to restore the restrict- 
ed torque level in response to a decrease in angular ac- 
celeration a under torque restriction in the skid occurring 
state control. The skid convergence state control raises 
the maximum torque Tmax stepwise after every elapse 
of a preset standby time, limits the motor torque demand 
Tm*, which exceeds the maximum torque Tmax, to the 
maximum torque Tmax, and drives and controls the mo- 
tor 1 2 to attain the motor torque demand Tm*. The pro- 
cedure of setting the maximum torque Tmax integrates 
the angular acceleration a to give a time integration aint 
thereof over an integration interval between a time point 
when the angular acceleration a exceeds the threshold 
value osiip and a time point when the angular acceler- 
ation a decreases below the threshold value aslip. The 
procedure computes a guard value S (expressed by the 



same unit [rpm / 8 msec] as the angular acceleration) 
as a function of the time integration aint. The procedure 
reads the maximum torque Tmax corresponding to the 
computed guard value 5 from the map of Rg. 6 and sets 
5 the corresponding value to the maximum torque Tmax 
as an initial value in the skid convergence state control. 
After every elapse of the preset standby time, the guard 
value 5 is decremented by a fixed level A5 and is updat- 
ed, and the maximum torque Tmax is updated to the 
value corresponding to the decremented guard value 5 
in the map of Fig. 6. The skid convergence state control 
resets both the torque restriction prohibition flag F0 and 
the skid occurrence flag F1 in response to the eventual 
decrease of the guard val ue 5 to or below 0, before being 
terminated. 

[0044] Fig. 7 shows a time variation of the accelerator 
opening, a time variation of the angular acceleration a, 
a time variation of the output torque from the motor 1 2, 
and time variations of the respective flags. Rg. 8 shows 
a process of setting the maximum torque Tmax corre- 
sponding to the time variation of the angular accelera- 
tion a. In this illustrated example, it is assumed that a 
time interval between a time point tn and a precedent 
time point tn-1 is 40 msec (when the motor drive control 
program of Rg. 2 repeated at every 8 msec is executed 
5 times). 

[0045] In the illustrated example of Rg. 7, the driver 
steps on the accelerator pedal at a time point to when 
the vehicle 10 is at a stop or is running at a low speed. 
The depression of the accelerator pedal continues to at 
least a time point t23. In response to the driver* s de- 
pression of the accelerator pedal, the motor torque de- 
mand Tm* increases abruptly at the initial stage and 
then gradually in a time period between the time points 
to and t7 and reaches a plateau at the time point t7 to 
have a substantially fixed value, as shown by the dotted 
line in Fig. 7. The variation ATm in motor torque demand 
Tm* between the time points to and t1 exceeds the pre- 
set threshold value Tthr. The torque restriction prohibi- 
tion flag F0 is accordingly set to 1 at the time point t1 . 
[0046] In a time period between the time points to and 
tl , both the torque restriction prohibition flag F0 and the 
skid occurrence flag F1 are set equal to 0. The grip state 
control is accordingly executed to drive and control the 
motor 1 2 to output a torque corresponding to the motor 
torque demand Tm*. In a time period between the time 
points t1 and t6, the torque restriction prohibition flag F0 
is set equal to 1 . The grip state control is thus executed 
again, and the torque restriction prohibition flag F0 is 
reset to 0 at the time point t6 after elapse of the prede- 
termined restriction prohibition time (set equal to 200 
msec in this example). During the time period between 
the time points t1 and t6, the significant torque change 
varies the angular acceleration a to temporarily exceed 
the preset threshold value aslip. Not the skid occurring 
state control but the grip state control without torque re- 
striction is, however, executed in this time period. The 
torque level output from the motor 12 is thus practically 
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identical with the motor torque demand Tm*. 
[0047] At the time point t7, the torque restriction pro- 
hibition flag F0 is set equal to 0, which represents allow- 
ance of torque restriction. The angular acceleration a- 
based skid state determination is accordingly executed 
at this time point. At this moment, the angular acceler- 
ation a exceeds the preset threshold value asl ip, so that 
the skid occurrence flag F1 is set to 1 to start the skid 
occurring state control. The maximum torque Tmax is 
occasionally updated corresponding to the increasing 
angular acceleration a in the map of Fig. 6 until the in- 
creasing angular acceleration a reaches its peak at a 
time point t9 (see Fig. 8(a)). The motor torque demand 
Tm* exceeds the maximum torque Tmax under such 
torque restriction. The output torque from the motor 12 
is accordingly limited to the maximum torque Tmax. In 
a time period between time points t1 0 and t1 3, the max- 
imum torque Tmax is fixed corresponding to the peak 
value apeak of the angular acceleration o (see Rg. 8 

(b) ). The motor torque demand Tm* exceeds the maxi- 
mum torque Tmax under such torque restriction. The 
output torque from the motor 1 2 is accordingly limited to 
the maximum torque Tmax. 

[0048] At a time point t1 4, the skid convergence con- 
ditions are satisfied, that is, the angular acceleration a 
has been kept negative for the preset time period. Con- 
vergence of the skid is accordingly detected at this time 
point. The skid convergence state control is executed 
after the time point t1 4 to calculate the time integration 
ctint of the angular acceleration a, compute the guard 
value 5 as the function of the time integration aint, read 
the maximum torque Tmax corresponding to the com- 
puted guard value d from the map of Rg. 6 (see Rg. 8 

(c) ), and set the corresponding value to the maximum 
torque Tmax as the initial value in the skid convergence 
state control. After every elapse of the predetermined 
standby time, the guard value 5 is decremented by the 
fixed level A5 and is updated, and the maximum torque 
Tmax is updated corresponding to the decremented 
guard value 8 in the map of Fig. 6 (see Rg. 8(d)). At the 
time point t23 when the guard value 5 eventually de- 
creases to or below 0, the skid convergence state con- 
trol is terminated after resetting both the torque restric- 
tion prohibition flag F0 and the skid occurrence flag F1 
to 0. After the time point t23, the torque level output from 
the motor 12 is again equivalent to the motor torque de- 
mand Tm*. 

[0049] The CPU 42 included in the electronic control 
unit 40 of this embodiment corresponds to the angular 
acceleration measurement module, the skid detection 
module, the torque restriction module, the state deter- 
mination module, and the torque restriction prohibition 
module of the invention. The processing of step S110 
and the processing of step S112 executed by the CPU 
42 are respectively equivalent to the processing of the 
angular acceleration measurement module and the 
processing of the skid detection module. The skid oc- 
curring state control routine executed at step S120 and 



the skid convergence state control routine executed at 
step S1 24 are equivalent to the processing of the torque 
restriction module. The processing of steps S104 and 
S108 executed by the CPU 42 is equivalent to the 

5 processing of the state determination module. The grip 
state control routine executed at step S 11 6 in the setting 
of the value T to the torque restriction prohibition flag 
F0 is equivalent to the processing of the torque restric- 
tion prohibition module. The CPU 42 also corresponds 

10 to the torque variation detection module, and the 
processing of step S108 executed by the CPU 42 is 
equivalent to the processing of the torque variation de- 
tection module. The processing of step S108 executed 
by the CPU 42 is equivalent to the processing of the 

15 torque variation detection module. The variation ATm in 
motor torque demand Tm* over the preset threshold val- 
ue Tthr is equivalent to the variation in torque command 
value of the drive wheels 1 8a and 1 8b out of the preset 
range. 

20 [0050] As described above, in response to detection 
of the occurrence of a skid based on the variation in an- 
gular acceleration a of the drive shaft linked to the drive 
wheels 18a and 18b, the control procedure of this em- 
bodiment limits the output torque of the motor 12 for im- 

25 mediate reduction of the skid and thereby restricts the . 
driving torque of the drive wheels 18a and 18b. A sig- 
nificant variation in angular acceleration a in the vehicle 
driving state with no occurrence of a skid, for example, 
a significant increase in variation ATm of the motor 

30 torque demand Tm* over the preset threshold value Tthr 
caused by the driver* s depression of the accelerator 
pedal, may lead to misdetection of a phantom skid. Re- 
striction of the output torque of the motor 12 is accord- 
ingly prohibited under such conditions. The control pro- 

35 cedure of this embodiment thus effectively prevents un- 
necessary restriction of the output torque in response to 
misdetection of a phantom skid in the angular acceler- 
ation a-based skid state determination. Prohibition or al- 
lowance of torque restriction is determined according to 

40 the variation ATm in motor torque demand Tm*. Such 
determination enables prohibition of restriction of the 
motor output torque not after but before the actual 
torque restriction. The control procedure of this embod- 
iment detects the occurrence of a skid when the angular 

45 acceleration a exceeds the preset threshold value asiip. 
This ensures easy and accurate detection of the occur- 
rence of a skid. The restriction of the motor output torque 
is prohibited only for the predetermined restriction pro- 
hibition time. In the event of the occurrence of a skid 

so after elapse of the predetermined restriction prohibition 
time, the control procedure promptly sets the torque re- 
striction for immediate reduction of the skid. 

[Second Embodiment] 

55 

[0051] Rg. 9 schematically illustrates the configura- 
tion of a hybrid vehicle 110 equipped with an electronic 
control unit 40 that functions as a skid control device in 
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another embodiment of the invention. The like elements 
in the configuration of Fig. 9 to those of the first embod- 
iment are expressed by the like numerals and symbols 
and are not specifically described here. As illustrated, 
the hybrid vehicle 110 includes an engine 111 , a plane- 
tary gear 1 1 7 that is linked to the engine 1 1 1 and divides 
the output power of the engine 111 into drive wheels 1 8a 
and 18b and a generator 113, the generator 113 that is 
connected with the planetary gear 117 and generates 
electric power, and a motor 112 that is also connected 
with the planetary gear 117 and is designed to directly 
output power to a drive shaft linked to the drive wheels 
18a and 18b. The motor 112 is connected to a battery 
116 via an inverter circuit 114, while the generator 113 
is connected to the battery 1 1 6 via an inverter circuit 115. 
The electronic control unit 40 outputs switching control 
signals to switching elements included in these inverter 
circuits 114 and 115. The electronic control unit 40 ex- 
ecutes series of skid control to restrict the driving torque 
of the drive wheels 1 8a and 1 8b in response to detection 
of the occurrence of a skid of the drive wheels 1 8a and 
18b and thereby reduce the skid. 
[0052] The operations of the hybrid vehicle 110 hav- 
ing the above construction are described below. A hy- 
brid ECU (not shown) executes series of hybrid control 
to drive the hybrid vehicle 1 0 with either one or both of 
the engine 111 and the motor 112 as the power source. 
In a drive range of poor engine efficiency, for example, 
at a start of the vehicle or during a low-speed drive of 
the vehicle, the hybrid control stops the engine 111 and 
drives the drive wheels 1 8a and 1 8b with the output pow- 
er of the motor 112. In the ordinary driving state, the hy- 
brid control activates the engine 1 1 1 and divides the out- 
put power of the engine 111 into the drive wheels 18a 
and 18b and the generator 113 by the function of the 
planetary gear 117. The hybrid control also activates the 
generator 113 to generate the electric power and actu- 
ates the motor 112 with the generated electric power to 
assist the drive of the drive wheels 1 8a and 1 8b. Under 
high loading conditions, for example, at the time of full 
throttle acceleration, the battery 1 1 6 is controlled to give 
an additional supply of electric power to the motor 112 
and thereby supplement the insufficiency of the requ ired 
driving force. 

[0053] The description regards the operations of the 
hybrid vehicle 110, especially a series of drive control in 
the event of the occurrence of a skid of the drive wheels 
1 8a and 1 8b. Fig. 1 0 is a flowchart showing a drive con- 
trol program executed by the electronic control unit 40. 
This drive control program is read from the ROM 44 and 
is executed repeatedly at preset time intervals (for ex- 
ample, at every 8 msec). 

[0054] When the drive control program starts, the 
CPU 42 of the electronic control unit 40 first inputs the 
accelerator opening Acc, the vehicle speed V, and the 
rotation angle 8 of the drive shaft linked to the drive 
wheels 1 8a and 1 8b (step S200). The CPU 42 then sets 
a torque command value T* of the drive shaft linked to 



the drive wheels 1 8a and 1 8b (step S202). A concrete 
procedure in this embodiment reads a torque command 
value T* corresponding to the input accelerator opening 
Acc and the input vehicle speed V from a map that is 

5 similar to Fig. 3 and represents variations in torque com- 
mand value T* against the accelerator opening Acc and 
the vehicle speed V. The CPU 42 then determines 
whether the torque restriction prohibition flag F0 is set 
equal to 1 (step S204). In the setting of the value '0 1 to 

10 the torque restriction prohibition flag F0 at step S204, 
that is, in allowance of torque restriction, the CPU 42 
calculates the angular acceleration a of the drive shaft 
of the drive wheels 1 8a and 1 8b (step S206) and deter- 
mines the skid state of the drive wheels 18a and 18b, 

15 based on a comparison between the calculated angular 
acceleration a and the preset threshold value oslip (step 
S208) . The calculation of the angular acceleration a and 
the determination of the skid state follow the procedure 
of the first embodiment and are thus not specifically de- 

20 scribed here. 

[0055] When the angular acceleration a exceeds the 
preset threshold value aslip at step S208, the CPU 42 
subsequently determines whether the skid occurrence 
flag F1 is set equal to 1 (step S214). When the skid oc- 

25 currence flag F1 is equal to 0, that Is, when the angular 
acceleration a did not exceed the preset threshold value 
oslip in the previous cycle but exceeds the preset 
threshold value oslip in the current cycle, the CPU 42 
sets the skid occurrence flag F1 to 1 (step S216) and 

30 starts time measurement and sets a time count flag F2 
to1 (stepS218).ThetimecountflagF2issetto1 during 
time measurement and is otherwise reset to 0. The CPU 
42 sets the current angular acceleration a to the peak 
value apeak (step S222) and executes skid occurring 

35 state control (step S234), before terminating this drive 
control program. The skid occurring state control of this 
embodiment follows a skid occurring state control rou- 
tine shown in the flowchart of Fig. 1 1 . The skid occurring 
state control routine sets a maximum torque Tmax as 

40 an upper limit of driving torque of the drive wheels 18a 
and 1 8b as a function of the peak value apeak by refer- 
ring to a map similar to Fig. 6 (step S300), and compares 
the torque command value T* set at step S202 with the 
maximum torque Tmax (step S310). When the torque 

45 command value T* does not exceed the maximum 
torque Tmax, the control routine goes to step S330. 
When the torque command value T* exceeds the max- 
imum torque Tmax, on the other hand, the control rou- 
tine limits the torque command value T* to the maximum 

50 torque Tmax (step S320) and then goes to step S330. 
The control routine specifies settings of target torques 
and target rotation speeds of the engine 111 , the motor 
112, and the generator 1 1 3 corresponding to the torque 
command value T* and controls the engine 1 1 1 , the mo- 

55 tor 1 1 2, and the generator 1 1 3 with the specified settings 
at step S330. 

[0056] One example of such settings is described, 
where it is assumed that the battery 1 1 6 does not require 
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charging and all a power demand P* of the drive wheels 
1 8a and 1 8b is covered by the output power of the en- 
gine 111. The procedure first calculates a power de- 
mand P* (= T*xN) to be output to the drive shaft finked 
to the drive wheels 1 8a and 1 8b from the torque com- 5 
mand value T* and a rotation speed N of the drive shaft 
(computable from the rotation angle 6). The power de- 
mand P* is given as the product of a target torque Te* 
and a target rotation speed Ne* of the engine 111 . The 
target torque Te* and the target rotation speed Ne* are 10 
read from a map (not shown) representing available 
combinations of the torque and the rotation speed to at- 
tain the high driving efficiency of the engine 1 1 1 . A target 
torque Tm* of the motor 1 12 is then set according to the 
torque command value T* of the drive wheels 1 8a and is 
1 8b, the target torque Te* of the engine 111, and a preset 
gear ratio of the planetary gear 117. A target rotation 
speed of the generator 1 1 3 is set according to the target 
rotation speed Ne* of the engine 111 and the rotation 
speed N of the drive shaft. 20 
[0057] When the skid occurrence flag F1 is equal to 
1 at step S214, that is, when the angular acceleration a 
exceeded and exceeds the preset threshold value ocslip 
in the previous cycle and in the current cycle, the angular 
acceleration a is compared with the peak value apeak 25 
(step S220). When the angular acceleration o exceeds 
the peak value apeak, the CPU 42 updates the peak 
value apeak to the current angular acceleration a (step 
S222) and executes the skid occurring state control 
(step S234), before terminating this drive control pro- 30 
gram. When the angular acceleration a does not exceed 
the peak value apeak at step S220, on the other hand, 
the maximum of the angular acceleration a is fixed to 
the peak value apeak. Namely the peak value apeak 
represents a starting point of a decreasing tendency of 35 
the angular acceleration a after its increase over the 
threshold value aslip. The CPU 42 then determines 
whether the time count flag F2 is set equal to 1 (step 
S224). In the setting of the value '1' to the time count 
flag F2, the CPU 42 terminates the time measurement 40 
and resets the time count flag F2 to 0 (step S226) and 
specifies the cause of the increase in angular accelera- 
tion a over the preset threshold value aslip based on 
the result of time measurement, that is, due to mechan- 
ical resonance at the start of the engine 111 or due to 45 
the occurrence of a skid (step S228). When the increase 
in angular acceleration a Is ascribed to the mechanical 
resonance, the CPU 42 sets the torque restriction pro- 
hibition flag F0 to 1 and resets the skid occurrence flag 
F1 to 0 (step S230) and executes grip state control (step so 
S212), before terminating this drive control program. 
The grip state control is executed according to the grip 
state control routine of the first embodiment (see Fig. 4) 
with a little modification (the processing of step S130 is 
modified to specify settings of the target torques and the 55 
target rotation speeds of the engine 111 , the motor 112, 
and the generator 113 corresponding to the torque com- 
mand value T* and to control the engine 111 , the motor 



112, and the generator 113 with the specified settings) 
and is thus not described in detail here. In the setting of 
the value *1 ' to the torque restriction prohibition flag F0 
at step S204, the drive control program also executes 
the grip state control (step S212). 
[0058] The mechanical resonance is caused by, for 
example, some vibration at the start of the engine 111 . 
The mechanical resonance temporarily heightens the 
angular acceleration a to exceed the preset threshold 
value aslip. This temporary rise of the angular acceler- 
ation a may result in misdetection of the occurrence of 
a 'phantom 1 skid. The angular acceleration a increasing 
over the threshold value aslip due to the mechanical res- 
onance reaches its peak in a relatively short time, 
whereas the angular acceleration a increasing over the 
threshold value aslip due to the occurrence of a skid 
reaches its peak in a relatively long time. The processing 
of step S228 accordingly ascribes the increase in angu- 
lar acceleration a to the mechanical resonance, based 
on the relatively short time measured. In this case, the 
drive control program does not execute the skid occur- 
ring state control (step S234) or skid convergence state 
control (step S236) but executes the grip state control 
without torque restriction at step S212. 
[0059] When the increase in angular acceleration a 
over the threshold value aslip is ascribed to the occur- 
rence of a skid based on the result of time measurement 
at step S228, the drive control program executes the 
skid occurring state control (step S234). In the setting 
of the value '0' to the time count flag F2 at step S224, 
the drive control program also executes the skid occur- 
ring state control (step S234). The detection of the set- 
ting of the skid occurrence flag F1 at step S21 0 and the 
determination of successful or failed fulfillment of the 
skid convergence conditions at step S232 are similar to 
the processing of steps S114 and S122 in the first em- 
bodiment and are thus not specifically described here. 
The skid convergence state control executed at step 
S236 raises the maximum torque Tmax of the drive 
wheels 18a and 18b stepwise after every elapse of a 
preset standby time, limits the torque command value 
Tm*, which exceeds the maximum torque Tmax, to the 
maximum torque Tmax, specifies the settings of the tar- 
get torques and the target rotation speeds of the engine 
1 1 1 , the motor 1 1 2, and the generator 1 1 3 correspond- 
ing to the torque command value T*, and controls the 
engine 111, the motor 112, and the generator 113 with 
the specified settings. The procedure of setting the max- 
imum torque Tmax is similar to that executed in the skid 
convergence state control of the first embodiment. The 
procedure computes the guard value 8, reads the max- 
imum torque Tmax corresponding to the computed 
guard value 8 from a map similar to Rg. 6, and sets the 
corresponding value to the maximum torque Tmax as 
an initial value in the skid convergence state control. Af- 
ter every elapse of the preset standby time, the guard 
value 8 is decremented by a fixed level AS and is updat- 
ed, and the maximum torque Tmax is updated to the 
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value corresponding to the decremented guard value 5 
in the map similar to Fig. 6. The skid convergence state 
control resets the respective flags F0 and F1 to 0 in re- 
sponse to the eventual decrease of the guard value 5 to 
or below 0, before being terminated. 5 
[0060] Fig. 12 shows a time variation of the angular 
acceleration a and time variations of the respective 
flags. In this illustrated example, it is assumed that a 
time interval between a time point tn and a precedent 
time point tn-1 is 16 msec (when the drive control pro- 10 
gram of Fig. 10 repeated at every 8 msec is executed 
twice). 

[0061] In the illustrated example of Fig. 12,theengine 
111 starts at a time point to to cause some vibration of 
the vehicle. The time variation curve of the angular ac- is 
celeration a accordingly has a temporary rise to exceed 
the threshold value aslip even under the condition of no 
occurrence of a skid. In a time period between time 
points t1 and t3, the grip state control is executed to out- 
put a torque corresponding to the torque command val- *o 
ue T* to the drive shaft of the drive wheels 1 8a and 1 8b, 
since the angular acceleration a does not exceed the 
preset threshold value aslip. 

[0062] At a time point t4, the angular acceleration a 
exceeds the preset threshold value aslip. The drive con- 25 
trol thus sets the skid occurrence flag F1 to 1 , starts the 
time measurement, and sets the time count flag F2 to 
1 . The drive control then updates the peak value apeak 
to the current angular acceleration a, reads the maxi- 
mum torque Tmax corresponding to the updated peak 30 
value apeak from the map similar to Rg. 6, and limits 
the torque command value T* of the drive shaft linked 
to the drive wheels 18a and 18b, which exceeds the 
maximum torque Tmax, to the maximum torque Tmax. 
[0063] At a time point t5, the angular acceleration a 35 
again exceeds the preset threshold value aslip. The cur- 
rent angular acceleration a measured at this time point 
is greater than the previous angular acceleration a and 
is thus set to the peak value apeak. The drive control 
reads the maximum torque Tmax corresponding to the 40 
updated peak value apeak from the map similar to Rg. 
6, and limits the torque command value T* of the drive 
shaft linked to the drive wheels 1 8a and 1 8b, which ex- 
ceeds the maximum torque Tmax, to the maximum 
torque Tmax. 45 
[0064] At a time point t6, the angular acceleration a 
again exceeds the preset threshold value aslip. Since 
the current angular acceleration a measured at this time 
point is smaller than the previous angular acceleration 
a, the drive control fixes the previous angular accelera- so 
tion a to the peak value apeak, terminates the time 
measurement, and resets the time count flag F2 to 0. 
The drive control then specifies the cause of the in- 
crease in angular acceleration a over the preset thresh- 
old value aslip based on the result of time measurement ss 
(between the time point t4 when the angular accelera- 
tion a exceeds the preset threshold value aslip and the 
time point t5 when the angular acceleration a reaches 



its maximum in this example), that is, due to the me- 
chanical resonance or due to the occurrence of a skid. 
The concrete procedure of this example simulates a 
time variation of the angular acceleration a due to the 
mechanical resonance to compute an empirical time pe- 
riod when the angular acceleration a increases over the 
threshold value aslip to reach its maximum. The proce- 
dure then sets a threshold value Tc corresponding to the 
empirical time period, and ascribes the increase in an- 
gular acceleration a to the mechanical resonance when 
the measured time does not exceed the preset threshold 
value Tc, while ascribing the increase in angular accel- 
eration a to the occurrence of a skid when the measured 
time exceeds the preset threshold value Tc. In this illus- 
trated example, the measured time does not exceed the 
preset threshold value Tc. The drive control accordingly 
sets the torque restriction prohibition flag F0 to 1 , resets 
the skid occurrence flag F1 to 0, and executes the grip 
state control. 

[0065] After a time point t7, the grip state control is 
executed since the torque restriction prohibition flag F0 
is equal to 1. The torque restriction prohibition flag F0 
is reset to 0 at a time point t15 when a predetermined 
restriction prohibition time has elapsed since the setting 
of the torque restriction prohibition flag F0 to 1 . 
[0066] The CPU 42 included in the electronic control 
unit 40 of this embodiment corresponds to the angular 
acceleration measurement module, the skid detection 
module, the torque restriction module, the state deter- 
mination module, and the torque restriction prohibition 
module of the invention. The processing of step S206 
and the processing of step S208 executed by the CPU 
42 are respectively equivalent to the processing of the 
angular acceleration measurement module and the 
processing of the skid detection module. The skid oc- 
curring state control routine executed at step S234 and 
the skid convergence state control routine executed at 
step S236 are equivalent to the processing of the torque 
restriction module. The processing of step S228 execut- 
ed by the CPU 42 is equivalent to the processing of the 
state determination module. The grip state control rou- 
tine executed at step S21 2 in the setting of the value '1 1 
to the torque restriction prohibition flag F0 is equivalent 
to the processing of the torque restriction prohibition 
module. The CPU 42 also corresponds to the engine 
vibration detection module, and the processing of step 
S228 executed by the CPU 42 is equivalent to the 
processing of the engine vibration detection module. 
[0067] As described above, in response to detection 
of the occurrence of a skid based on the variation in an- 
gular acceleration a of the drive shaft linked to the drive 
wheels 18a and 18b, the control procedure of this em- 
bodiment limits the driving torque of the drive wheels 
1 8a and 1 8b for immediate reduction of the skid. A sig- 
nificant variation in angular acceleration a in the vehicle 
driving state with no occurrence of a skid, for example, 
a variation in angular acceleration a that increases over 
the threshold value aslip and then shows a decreasing 
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tendency in a relatively short time and is ascribed to the 
mechanical resonance at the start of the engine 111, 
may lead to misdetection of a phantom skid. Restriction 
of the driving torque of the drive wheels 1 8a and 1 8b is 
accordingly prohibited under such conditions. The con- 5 
troi procedure of this embodiment thus effectively pre- 
vents unnecessary restriction of the driving torque in re- 
sponse to misdetection of a phantom skid in the angular 
acceleration ct-based skid state determination. The con- 
trol procedure of this embodiment prohibits torque re- 10 
striction after the actual restriction of the driving torque. 
Prohibition or allowance of restriction of the driving 
torque is determined according to the time period when 
the angular acceleration a increases over the preset 
threshold value asiip and then shows a decreasing ten- 
dency. There is accordingly a very short time of the ac- 
tual restriction of the torque restriction before its prohi- 
bition. The control procedure of this embodiment de- 
tects the occurrence of a skid when the angular accel- 
eration a exceeds the preset threshold value aslip. This 20 
ensures easy and accurate detection of the occurrence 
of a skid. The restriction of the driving torque is prohib- 
ited only for the predetermined restriction prohibition 
time. In the event of the occurrence of a skid after elapse 
of the predetermined restriction prohibition time, the 25 
control procedure promptly sets the restriction of the 
driving torque for immediate reduction of the skid. 
[0068] The embodiments discussed above are to be 
considered in all aspects as illustrative and not restric- 
tive. There may be many modifications, changes, and 30 
alterations without departing from the scope or spirit of 
the main characteristics of the present invention. 
[0069] The variation in angular acceleration a due to 
a large variation ATm of the motor torque demand Tm* 
(the first embodiment) and the variation in angular ac- 35 
celeration a due to the mechanical resonance at the 
start of the engine 111 (the second embodiment) are giv- 
en as the examples of the significant variation in angular 
acceleration in the vehicle driving state with no occur- 
rence of a skid. These examples are, however, not re- *o 
strictive at all, and the vehicle may be in any driving state 
as long as the angular acceleration a varies with no oc- 
currence of a skid. 

[0070] The first embodiment discussed above re- 
gards the electric vehicle 10. The drive control of the 
first embodiment is not restricted to this electric vehicle 
1 0 but is applicable to any vehicles equipped with a mo- 
tor that directly outputs power to a drive shaft, for exam- 
ple, the hybrid vehicle 110 of the second embodiment 
and diversity of series and parallel hybrid vehicles. In so 
application to the hybrid vehicle, the drive control may 
set either torque restriction of only the motor or torque 
restriction of both the motor and the engine to limit the 
torque command value T* of the drive wheels 18a and 
18b. 55 
[0071 ] The second embodiment discussed above re- 
gards the hybrid vehicle 110. The drive control of the 
second embodiment is not restricted to this hybrid vehi- 



cle 110 but is applicable to any vehicles equipped with 
an engine in addition to a motor that directly outputs 
power to a drive shaft, for example, diversity of series 
and parallel hybrid vehicles. 

[0072] In the embodiments discussed above, the skid 
occurring state control and the skid convergence state 
control restrict the driving torque of the drive wheels 1 8a 
and 1 8b. Such restriction is, however, not essential and 
the driving torque may be restricted in any of diverse 
manners. 

[0073] In the embodiments discussed above, one 
modified procedure may set a non-skid upper limit 
ctmax, which is significantly greater than the threshold 
value aslip, in addition to the threshold value aslip. Even 
in the setting of the value *1 * to the torque restriction pro- 
hibition flag F0, that is, on prohibition of torque restric- 
tion, the control procedure detects the occurrence of a 
skid in response to an increase in angular acceleration 
a over the non-skid upper limit amax and resets the 
torque restriction prohibition flag F0 to 0. This arrange- 
ment prevents restriction of the driving torque of the 
drive wheels 1 8a and 1 8b from being wrongly prohibited 
in the occurrence of a skid. The non-skid upper limit 
ctmax should be set to a value that is found only in the 
event of a skid. 

[0074] In the embodiments discussed above, in the 
setting of the value '1 1 to the torque restriction prohibition 
flag F0, that is, on prohibition of torque restriction, the 
control procedure does not execute the skid occurring 
state control or the skid convergence state control with 
torque restriction. One modified procedure may set an 
unexpectedly large value to the threshold value aslip in 
the setting of the value T to the torque restriction pro- 
hibition flag F0. This arrangement keeps the angular ac- 
celeration a below the threshold value aslip and accord- 
ingly prevents determination of the skid state (at step 
S112 or step S208) to set the torque restriction. 

Industrial Applicability 

[0075] The tech nique of the invention is effectively ap- 
plied to vehicle-related industries including automobile 
industries. 



Claims 

1 . A vehicle skid control device of controlling a power 
system that outputs power to a drive shaft linked to 
drive wheels of a vehicle, said vehicle skid control 
device comprising: 

an angular acceleration measurement module 
that measures an angular acceleration of the 
drive shaft; 

a skid detection module that detects occur- 
rence of a skid of the drive wheels according to 
the angular acceleration measured by said an- 
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gular acceleration measurement module; 
a torque restriction module that, in response to 
detection of the occurrence of a skid by said 
skid detection module, restricts a driving torque 
of the drive wheels to reduce the skid; s 
a state determination module that determines 
whether a current vehicle driving state causes 
a variation in angular acceleration with no oc- 
currence of a skid; and 

a torque restriction prohibition module that pro- 10 
hibits said torque restriction module from re- 
stricting the driving torque of the drive wheels, 
when said state determination module deter- 
mines that the current vehicle driving state 
causes the variation in angular acceleration 
with no occurrence of a skid. 

2. A vehicle skid control device of controlling a power 
system that outputs power to a drive shaft linked to 
drive wheels of a vehicle, said vehicle skid control 20 
device comprising: 

an angular acceleration measurement module 
that measures an angular acceleration of the 
drive shaft; 25 
a skid detection module that detects occur- 
rence of a skid of the drive wheels according to 
the measured angular acceleration; 
a torque restriction module that, in response to 
detection of the occurrence of a skid by said so 
skid detection module, restricts a driving torque 
of the drive wheels to reduce the skid; 
a torque variation detection module that deter- 
mines whether a variation in torque command 
value of the drive wheels caused by a driver's 35 
accelerator operation is within a preset range; 
and 

a torque restriction prohibition module that pro- 
hibits said torque restriction module from re- 
stricting the driving torque of the drive wheels, 40 
when said torque variation detection module 
determines that the variation in torque com- 
mand value is out of the preset range. 

3. A vehicle skid control device of controlling at least 45 
one of an engine and a motor of a power system 
that outputs power to a drive shaft linked to drive 
wheels of a vehicle, said vehicle skid control device 
comprising: 

50 

an angular acceleration measurement module 
that measures an angular acceleration of the 
drive shaft; 

a skid detection module that detects occur- 
rence of a skid of the drive wheels according to ss 
the measured angular acceleration; 
a torque restriction module that, in response to 
detection of the occurrence of a skid by said 



skid detection module, restricts a driving torque 
of the drive wheels to reduce the skid; 
an engine vibration detection module that de- 
tects a vibration at a start of the engine; and 
a torque restriction prohibition module that pro- 
hibits said torque restriction module from re- 
stricting the driving torque of the drive wheels, 
in response to detection of the vibration at the 
start of the engine by said engine vibration de- 
tection module. 

4. A vehicle skid control device in accordance with any 
one of claims 1 through 3, wherein said skid detec- 
tion module detects the occurrence of a skid when 
the angular acceleration measured by said angular 
acceleration measurement module increases over 
a preset threshold value. 

5. A vehicle skid control device of controlling a power 
system that outputs power to a drive shaft linked to 
drive wheels of a vehicle, said vehicle skid control 
device comprising: 

an angular acceleration measurement module 
that measures an angular acceleration of the 
drive shaft; 

a skid detection module that detects occur- 
rence of a skid of the drive wheels when the 
measured angular acceleration increases over 
a preset threshold value; 
a torque restriction module that, in response to 
detection of the occurrence of a skid by said 
skid detection module, restricts a driving torque 
of the drive wheels to reduce the skid; 
a time variation attribution module that deter- 
mines whether a time variation in angular ac- 
celeration, which is measured by said angular 
acceleration measurement module, after the in- 
crease over the preset threshold value is attrib- 
utable to mechanical resonance; and 
a torque restriction prohibition module that pro- 
hibits said torque restriction module from re- 
stricting the driving torque of the drive wheels, 
when said time variation attribution module de- 
termines that the time variation in angular ac- 
celeration after the increase over the preset 
threshold value is attributable to the mechani- 
cal resonance. 

6. A vehicle skid control device in accordance with 
claim 5, wherein said time variation attribution mod- 
ule determines whether a time width between the 
increase in angular acceleration crossing over the 
preset threshold value and a start of a decreasing 
tendency of the angular acceleration is attributable 
to the mechanical resonance. 

7. A vehicle skid control device in accordance with any 
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one of claims 4 through 6, wherein said torque re- 
striction prohibition module does not prohibit said 
torque restriction module from restricting the driving 
torque of the drive wheels, when the angular accel- 
eration measured by said angular acceleration 5 
measurement module exceeds a non-skid upper 
limit, which is set to be larger than the preset thresh- 
old value. 

8. A vehicle skid control device in accordance with any io 
one of claims 1 through 7, wherein said torque re- 
striction prohibition module suspends the function 

of said torque restriction module or sets an unex- 
pectedly large value to the threshold value adopted 
in said skid detection module, so as to eliminate ef- is 
fectiveness of said torque restriction module and 
accordingly interfere with the restriction of the driv- 
ing torque of the drive wheels by said torque restric- 
tion module. 

20 

9. A vehicle skid control device in accordance with any 
one of claims 1 through 8, wherein said torque re- 
striction prohibition module prohibits said torque re- 
striction module from restricting the driving torque 

of the drive wheels for a predetermined restriction & 
prohibition time. 

10. An automobile with a vehicle skid control device in 
accordance with any one of claims 1 through 9 
mounted thereon. 30 

11 . A vehicle skid control method of controlling a power 
system that outputs power to a drive shaft linked to 
drive wheels of a vehicle, said vehicle skid control 
method comprising the steps of: 35 

(a) measuring an angular acceleration of the 
drive shaft; 

(b) detecting occurrence of a skid of the drive 
wheels according to the measured angular ac- 40 
celeration; 

(c) in response to detection of the occurrence 
of a skid by said step(b), restricting a driving 
torque of the drive wheels to reduce the skid; 

(d) determining whether a current vehicle driv- 45 
ing state causes a variation in angular acceler- 
ation with no occurrence of a skid; and 

(e) prohibiting restriction of the driving torque 
of the drive wheels by said step (c) , when said 
step (d) determines that the current vehicle so 
driving state causes the variation in angular ac- 
celeration with no occurrence of a skid. 

1 2. A vehicle skid control method of controlling a power 
system that outputs power to a drive shaft linked to ss 
drive wheels of a vehicle, said vehicle skid control 
method comprising the steps of: 



(a) measuring an angular acceleration of the 
drive shaft; 

(b) detecting occurrence of a skid of the drive 
wheels according to the measured angular ac- 
celeration; 

(c) in response to detection of the occurrence 
of a skid by said step(b), restricting a driving 
torque of the drive wheels to reduce the skid; 

(d) determining whether a variation in torque 
command value of the drive wheels caused by 
a driver's accelerator operation is within a pre- 
set range; and 

(e) prohibiting restriction of the driving torque 
of the drive wheels by said step (c) , when said 
step (d) determines that the variation in torque 
command value is out of the preset range. 

13. A vehicle skid control method of controlling at least 
one of an engine and a motor of a power system 
that outputs power to a drive shaft linked to drive 
wheels of a vehicle, said vehicle skid control meth- 
od comprising the steps of: 

(a) measuring an angular acceleration of the 
drive shaft; 

(b) detecting occurrence of a skid of the drive 
wheels according to the measured angular ac- 
celeration; 

(c) in response to detection of the occurrence 
of a skid by said step(b), restricting a driving 
torque of the drive wheels to reduce the skid; 

(d) detecting a vibration at a start of the engine; 
and 

(e) prohibiting restriction of the driving torque 
of the drive wheels by said step (c), in response 
to detection of the vibration at the start of the 
engine by said step(d). 

1 4. A vehicle skid control method of controlling a power 
system that outputs power to a drive shaft linked to 
drive wheels of a vehicle, said vehicle skid control 
method comprising the steps of: 

(a) measuring an angular acceleration of the 
drive shaft; 

(b) detecting occurrence of a skid of the drive 
wheels when the measured angular accelera- 
tion increases over a preset threshold value; 

(c) in response to detection of the occurrence 
of a skid by saidstep(b), restricting a driving 
torque of the drive wheels to reduce the skid; 

(d) determining whether a time variation in the 
measured angular acceleration after the in- 
crease over the preset threshold value is attrib- 
utable to mechanical resonance; and 

(e) prohibiting restriction of the driving torque 
of the drive wheels by said step (c), when said 
step (d) determines that the time variation in an- 
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gular acceleration after the increase over the 
preset threshold value is attributable to the me- 
chanical resonance. 
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